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feet of gas at a pressure of 1,800 pounds yer square inch.
For obtaining the lifting power of the pilot balloon, an
ordinary balance or scale pan with a set of metric weights
is used at permanent stations for accurate work; for a
portable field outfit a bronze chain is used with - auxiliary
weights. The chain is tied to the balloon and from the
number of links supported the lifting power is obtained.
For single-theodolite work a standard plotting board is
employed, the idea of which was originally due to Sergt.
1st cl.,, E. R. Ryder, Signal Corps. It consists of a
transparent celluloid protractor, whose surface is
roughened in order to take a pencil mark, which revolves
about a pivot in a board covered with cross-section
paper. The board is illustrated in figure 4. The method
of operation is as follows: By rotating the celluloid
protractor, set the azimuth angle for the given reading
on the scaled reference line O M; set the arm O R at the
elevation angle read on the quadrant protractor on the
cross-section paper; find the intersection of the altitude
cross-section line (as read on the altitude reference line
O N) with the arm O R and follow along the perpen-
dicular cross-section line to the reference line O M and
mark the point. This point is the horizontal projection
of the location of the balloon for the given reading and
the horizontal distance from start may be read from the
scaled reference line if desired. This process is repeated
for each reading and results in a series of points which
determine the horizontal projection of the halloon’s
path. To obtain the mean wind direction between any
two points, set the two points in question so that they
lie along the cross-section lines parallel to the reference
O M; the direction from which the wind blows is read
at P in the units desired. The wind speed may most
conveniently be measured by means of a special scale
which reads the velocity directly in the units desired.
The standard type of two-theodolite hoards is an adapted
form of this single board and possesses all its advantages.
(See figure and discussion, by W. C. Haines and R. A.
Wells, below.) Ballistic wind plotting may also be done
on the same board at the same time in any convenient
portion not in use for plotting the balloon’s course.

Meteorological observations on surface conditions are
taken at 8 a. m. and 8 p. m., 75th meridian time, and at
12 noon, local time, and whenever balloon ascensions
are made. Standard Weather Bureau practice is fol-
lowed in the procedure. C(loudiness ohservations are
made every two hours from 6 a. m. to 10 p. m. Regular
balloon observations are made at S a. m. and 4 p. m.,
75th meridian time, and whenever locally desired.
When continuous reports on the wind aloft are required
observations are made every three or four hours. Obser-
vations of other character are made whenever desired by
departments of the local posts.

All of the meteorological work of the Army has been
done in the closest cooperation with the U. S. Weather
Bureau. The Weather Bureau furnished all the instru-
mental equipment used by the Military Meteorological
Service during the first few months, and the resources of
the Weather Bureau and the counsel of the Chief of the
Weather Bureau and his staff have always been available
to the Meteorological Section of the Signal Corps and
these have been used freely. Without this assistance
from the Weather Bureau the early accomplishments of
the Military Meteorological Service in the United States
would have heen of little consequence.

The Meteorological Section of the Signal Corps was
under the general supervision of Lieut. Col. R. A. Millikan
from the beginning of its organization, during the war,
and to December 31, 1918, and under the general super-
vision of Lieut. Col. John C. Moore since that date.

MONTHLY WEATHER REVIEW.

Aprir, 1919

Much credit is due the enlisted personnel for the work
accomplished. Many of these men left responsible
positions to hecome privates in the Meteorological Serv-
ice. These men not only performed faithfully the work
laid out for them to do, but developed new methods
and devices for doing the work. It is impracticable to
mention individuals by name, because of the large
number of men in the service who have accomplished
work that would make them worthy f i mendation.
The personnel was made up most!" o7 rwduate engineers,
physicists, mathematician-, «ud employees of the
Weather Bureau.

It should be noted that no mention is made here of
the meteorological work done at the actual battle front
in France. The Meteorological Section of the Signal
Corps had, however, about 15 officers and approximately
300 enlisted men all trained in meteorology and aerology
at the front, and it is thought best that the description
of the accomplishments of this portion of the Meteoro-
logical Section be lett to those who have been engaged ,
in the work overseas." -

TWO-THEODOLITE PLOTTING BOARD.

By W. . HamNes aud R. A. WELLs.

[Dated: Weather Burcau, Washinrton, D, O, May, 1919.]

This board (fg. 1) is identical with the one-theodolite
hoard that is now heing used in the Weather Bureau
(essentially, that shown in fig. 4 opp. page 222), with the
additional features of (1) a protractor, centered at B,
and (2) an elevation secale, CD, hoth drawn on the cross-
section paper base, and (3) a brass arm attached at the
center of the celluloid protractor, A. The celluloid
rotractor is superimposed on the cross-section paper
‘_msc, so that its index point, or center, A, is at a distance
from the index point, B, of the protractor drawn on the
cross-section  paper, corresponding to  the distances
between the two observing stations, or the lensth of the
base line.

The data aie plotted in the following manner: The
celluloid protractor is held securely with its zero on the
south. The brass arm is set at the first minute’s azi-
muth reading indicated by the theodolite at A station.
A pencil mark is made on the celluloid protractor at the
»oint where the azimuth reading indicated by the theodo-
ite at B station intersects the brass arm, as determined
by the lines of the protractor on the baze paper. Each
successive minute is plotted in the same manner and the
points are numbered 1, 2, 3, ete.

As an example, let us take the Gata as to elevation
angle and azimuths given in Table 1, and find the other
duta indicated in the table.

TaeLE 1.
Stution A.--Zers=north. I|| Station B.—Zero=nurlh.
fi— -
o
| r i |
. Fle- Azi- s o diree-y ST .
Min-! p Distanes; A= | 5 iy in Il Min- .
: vation | mth tien tars || 13t Azimuth angle.
utes.” angle. | angle. i[rum Aptude, T mlejt(,‘«;m .Iut-_a.
; Brecs. socmvl.!.
_—_.._...._. ....... _I i [S—
1, 20.0| awo RN I B S T 3 S |
2 I8 1} 3lsu 0 320 1078 2
3 15 20,0 Giln 3306 10.2 |1 3
4 155 320 S0 |, o4
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1t Now in preparation for a luter Issue of the REvIEW.—En.
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The distance between stations A and B is 2,900 m.,
which on the plotting board is as indicated on figure 1
(the scale on the oricinal being 1 em. to 200 m.). The
method of finding horizontal distances, altitude, wind
directions, and velocities is as follows:

Set the celluloid protractor with 0° on station B. Set
movable arm at 310°. From B follow line on azimuth
190°. Where the 190° line meets the protractor arm,

lace point 1. The distance of point 1 from A is shown
Ey the scale on the arm to be 550 m. Set movable arm
at 20° on the vertical quadrant CD (as now placed).
Follow horizontal line from 550 on scale AC to arm.
The altitude, which is measured by the distance on this
horizontal line, is shown by the scale to be 200 m. The
same method of finding horizontal distances and alti-
tudes applies to all other minutes.” To find wind direction
at the end of the first minute move the celluloid protractor
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so that A and point 2 are on the same vertical line, and
read wind direction at C from the celluloid protractor.
For the end of the second minute set points 1 and 3 on
tho same vertical line, and read direction at C. To find
the velocity at the end of the first minute measure from
A to point 2. The distance A to 2 is 63 mm. on the full-
sized plotting board; 63 mm. is equivalent to 1,260 m.,
the distance traveled in 120 sec., or at a rate of 10.5 m./s.
The same result would have been ohtained by dividine

63 by 6. For the velocity at the end of the second
minute measure from 1 to 3, and divide by 6. The
same method applies to all minutes following. Obviously,

if the direction is changing from minute to minute, the
velocities so computed will be somewhat too small, In
practice, however, the results arve sufficiently accurate,
considering other sources of error.

SOME OBSERVED IRREGULAR VERTICAL MOVEMENTS  OF PILOT BALLOONS.

By Lieut. I. R. TanNEHILL, Signal Corps, Meteorological Service.,

[Duted: Fort Huneock, N. J., May 30, 1919.]

In a quiet atmosphere the rate of ascent of a pilot
balloon does not differ materially from that computed
from formula. For ordinary purposes it i3 a constant
rate.! When there is active convection, however, there
may be irregularities in the rate of ascent and the average
vertical movement of the balloon may differ widely from
that assumed. Tiiese variations from the computed rate
are due, unduvubtedly, to vertical movemeuts of the air
and may be taken as a measure of upward and downward
components of wind movements.f

When there are ascending air columns, there must be
rotary movements in many cases.* hut these whirls do
not appear in the horizontal projection of the balloon’s
path, for this path shows only the mouvement of the
balloon with reference to a point on the earth’s surface
and the rotary motion would be such with reference only
to the air in the stratum in which the balloon drifts.
If there were a whirl under a cloud, the balloon would
move in a spiral with reference to thie cloud but not with
reference to a point on the earth's swrface, unless the
cloud be stationary. A flight giving a wavy projection
was replotted with reference to the air, by subtracting
the average wind movement (in both magnitude and direc-
tion) from each balloon minute's movement. The result
was a circular path, as expected. It seems that when
the balloon is rising at rates greater than that computed
such unusual motion is evidenced by a wavy projection.

The whirls which appear in the horizontal projections
of the paths of pilot halloons seem to be whirls in anotrer
sense.’ In these cases there seems to he a straight wind
at any level, yet the balloon moves in a spiral conrse
hecause it rises through strata with various wind move-
ments. It does not scem likely from a study of such
cases that the ballvon would move in a whirl if it did
not rise.

For these reasons—(1) that the balloon rises in a guiet
atmosphere at a rate which is nearly constant and (2)
that although convectional movements of the air may

1 See pp. 211-212. ahove.
*Dast whicls ot times beroime clowd-capped: alsv the whole base of a larse cumulus has
been seen to rutate slowly.—: . F, 1.
+This expluna! i-n may not be applivuble w thoe ircezularinics o
vertical enrreacs my not he preson.. Tians, ROW ria 1. ify
1917, vol. 45, pp. 120-137), aiter con i i anee of spierr s |
derrees of turbulence sn- i the rales of hall.
ciudes taat ** Tae 1 11
tatively anp
utes of balloun
to come: 1o anv conclitsinas a
2 See MONTHLY WEATHER
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bhe typically rotary, the balloon does not necessarily
(and probably rarely does) move in a spiral with refer-
ence to a point on the earth’s surface—it seems safe to
use the irregularities in the rate of ascent of pilot halloons
as an indication of vertical air movements. :

It 13 the object of tiis paper, then, to discuss briefly the
irregularities that are ohserved in the ascensional rate
of pilot balloons, particularly beneath clouds, as indicat~
ing vertical movements of the air. .

As to unusual differences, the following is an illustra-
tion: On June 13, 1918, at 1:20 p. m., at Fort Monroe,
Va., a pilot balloon with an ascensional rate of 193
meters per minute from formula 3 was observed with two
theodolites to rise at an average rate of 396 meters per
minute for five minutes hefore passing into a cumulus
cloud. This occurred with a fresh northwest wind,
temperature 23° C.. and pressure 756 mm. In Table 1,
the rate of ascent of this balloon is compared with others
launched on June 12 and 13, 1918, at Fort Monroe.

TasLE 1.—Heights of pilot balloons ohserved with tivo theodolites at Fort
Monroe, Va., June 12 and 13, 1918.

I
Date. I Time. ‘ 1 (2] 3 | 4 5 8 7 8 9 l al|b
| Dol ol [ ‘ i
June 12,1918 | 200; 410] 7000 92071, 1951, 4301, 6804, .. [ .. | 1s7] 210
June 13,1918 - 150 Sy 760, 9301, 1701, 270L, 510 .. .. - { 172 216
Jime 13,1915 ¢ 520 S0l 2201, 520(1, 7501, 960 2, 150| 195 239
June 13,1418 3 850:1,'.!-';1) |1,930 ............... [P 193] 3%
June 13,1018 [ 27i)| ‘3'»{)] 5‘2U| 1.»U('i| 723 8551, 1l.l5|1.37.')i1,650 ........

In columns headed 1, 2, 3, ete., is shown the height of
the balloon at the end of each minute. Column headed
‘‘a’) gives the computed rate from formula and column
headed **b” gives the actual average rate taken from the
height of the balloon at time of last reading with both
theodolites. Heights are in meters and rates of ascent in
meters per minute.

1t is apparent from an inspection of this table that

there were local'strong vertical movemenis during the
afternoon of the 12th and the day of the 13th. ere-

fore, this phenonienal rate of ascent of one pilot balloon
(396 meters per minute) was evidently due to atmospheric
conditions. At 2:30 p. m., the same day, one hour and
ten minutes later, a balloon was launched which rose very
irregularly, as shown in the table. During the second and

3 .ice pp. 211 and 218, abuve.



